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Description
TECHNICAL FIELD

[0001] The present invention relates to a liquid dis-
charge apparatus for discharging a liquid such as an ink
or the like, and a control method of the liquid discharge
apparatus.

BACKGROUND ART

[0002] Patent Document 1 discloses a printer which is
provided with one pump, an ink discharge head, a tank
(fill tank) for supplying an ink to the ink discharge head,
a tank (drain tank) for recovering the ink allowed to flow
from the ink discharge head, and a main tank for supply-
ing the ink to the fill tank. In this printer, the two tanks are
connected to one another by the aid of the pump. In this
printer, the ink, which is contained in the drain tank, is
transported toward the fill tank by using the pump. Thus,
the ink is circulated through the fill tank, the ink discharge
head, and the drain tank. Then, when the printing is per-
formed, the inkis discharged from the ink discharge head,
while circulating the ink through the two tanks and the
ink discharge head.

[0003] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. 2012-819

SUMMARY OF THE INVENTION
Task to Be Solved by the Invention:

[0004] When the printing is performed, the high duty
printing, in which the ink discharge amount per unit time
is large, is performed in some cases. In the high duty
printing, the ink is discharged from the ink discharge head
at a speed which is not less than the ink supply speed
from the fill tank. In this case, the ink is also supplied to
the ink discharge head not only from the fill tank but also
from the drain tank. In such a situation, the ink contained
in the drain tank is decreased. Therefore, finally, the ink
cannot be supplied to the ink discharge head in some
cases. On this account, it is desirable that the ink can be
also supplied from the main tank to the drain tank. How-
ever, in the case of the printer described in Patent Doc-
ument 1, the ink can be supplied from the main tank to
the fill tank, but the ink cannot be supplied to the drain
tank.

[0005] Further, as described later on, there are inks for
which it is preferable to circulate the ink in the ink flow
passage including the main tank without being limited to
only the portion between the fill tank and the drain tank,
and inks for which it is enough to circulate the ink only
between the fill tank and the drain tank without allowing
the ink to flow through the main tank, depending on the
type of the ink. The cost becomes expensive if ink flow
passages, which are distinct from each other, are de-
signed depending on whether or not the ink is circulated

10

15

20

25

30

35

40

45

50

55

in the flow passage including the main tank. Therefore,
it is desired that the switching can be performed for
whether or not the ink is circulated in the ink flow passage
including the main tank by using an identical configura-
tion of the ink flow passage. Further, as for the members
for constructing the ink flow passage, the pump is a rel-
atively expensive member. Therefore, it is desired that
one pump is used.

[0006] The present invention has been made taking
the foregoing circumstances into consideration, an object
of which is to provide a liquid discharge apparatus which
makes it possible to supply an ink from a main tank to
both of a fill tank and a drain tank by means of one pump
and which makes it possible to switch the circulation of
the ink between the fill tank and the drain tank without
using the main tank and the circulation of the ink in a flow
passage including the main tank as well without being
limited to only the portion between the fill tank and the
drain tank. Further, another object of the present inven-
tion is to provide a method, as a control method of the
liquid discharge apparatus, which makes it possible to
transport the ink from the drain tank to the fill tank. That
is, another object of the present invention is to provide a
method which makes it possible to circulate the ink be-
tween the drain tank and the fill tank.

Solution for the Task:

[0007] According to an aspect of the presentinvention,
there is provided a liquid discharge apparatus for dis-
charging a liquid to a medium, including: a head unit in-
cluding: at least one liquid discharge head; a fill tank con-
figured to store the liquid to be supplied to the at least
one liquid discharge head; and a drain tank configured
to store the liquid recovered from the at least one liquid
discharge head. The liquid discharge apparatus further
includes: a main tank configured to store the liquid to be
supplied to the head unit; a pump including an inlet and
an outlet and configured to feed the liquid from the inlet
to the outlet; a first flow passage including a first end
connected to the main tank and a second end connected
to the inlet of the pump; a second flow passage including
a first end connected to the outlet of the pump and a
second end connected to the fill tank; a third flow passage
including a first end connected to a first branch point as
a branch point for branching the second flow passage
and a second end connected to the drain tank; a fourth
flow passage including a first end connected to a second
branch point as a branch point for branching the first flow
passage and a second end connected to a third branch
point as a branch point for branching the third flow pas-
sage; a fifth flow passage including a first end connected
to the main tank and a second end connected to a fourth
branch point as a branch point for branching the second
flow passage between the first end of the second flow
passage and the first branch point; a first valve which is
arranged at a portion of the first flow passage disposed
between the first end of the first flow passage and the
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second branch point; a second valve which is arranged
at a portion of the second flow passage disposed be-
tween the first branch point and the second end of the
second flow passage; a third valve which is arranged at
a portion of the third flow passage disposed between the
first end of the third flow passage and the third branch
point; a fourth valve which is arranged at a portion of the
fourth flow passage disposed between the first end of
the fourth flow passage and the second end of the fourth
flow passage; and a fifth valve which is arranged at a
portion of the fifth flow passage disposed between the
first end of the fifth flow passage and the second end of
the fifth flow passage.

[0008] Accordingtothe configurationdescribed above,
one pump can be used to execute the supply of the liquid
from the main tank to the drain tank, the supply of the
liquid from the main tank to the fill tank, and the concurrent
supply of the liquid from the main tank to the drain tank
and the fill tank. Accordingly, one pump can be used to
singly or concurrently supply the liquid from the main tank
to both of the drain tank and the fill tank. Further, one
pump can be used to execute not only the circulation of
the liquid from the drain tank to the fill tank but also the
transport of the liquid from the drain tank to the main tank
and the circulation of the liquid so that the liquid allowed
to outgo from the main tank is returned to the main tank
again. For example, the liquid can be transported from
the drain tank to the main tank, and then the liquid can
be supplied from the main tank to the drain tank. Further,
the liquid can be circulated from the drain tank to the fill
tank. Accordingly, the liquid can be circulated from the
drain tank to the fill tank through the flow passage includ-
ing the main tank.

[0009] Theliquid discharge apparatus according to the
present invention may further include a controller config-
ured to drive of the pump and open/close of the first to
fifth valves. In this case, the controller can control the
opening of the first to fifth valves, closing of the first to
fifth valves and the driving of the pump, and hence it is
unnecessary for a user to manually perform the open-
ing/closing of the valves and the driving of the pump.
[0010] In the liquid discharge apparatus according to
the present invention, the controller may be configured
to execute a first circulation process including closing the
first valve, the third valve, and the fifth valve; opening the
second valve and the fourth valve; and driving the pump.
[0011] Inthis case, the liquid can be circulated or trans-
ported between the drain tank and the fill tank so that the
liquid, which outgoes from the drain tank, passes through
the fourth flow passage and the second flow passage
and enters thefill tank. The ink can be circulated between
the drain tank and the fill tank by executing the first cir-
culation process, for example, when the printing is not
executed. Itis possible to prevent the viscosity of the ink
from being raised in the drain tank and the fill tank.
[0012] Theliquid discharge apparatus according to the
present invention may further include a pressure regula-
tor connected to the fill tank and the drain tank and con-
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figured to regulate an air pressure in the fill tank and an
air pressure in the drain tank, wherein the controller is
configured to execute a differential pressure circulation
process for controlling the pressure adjusting mecha-
nism so that the air pressure in the fill tank is higher than
the air pressure in the drain tank.

[0013] In this case, the liquid can be fed from the fill
tank toward the liquid discharge head, for example, even
when the liquid discharge head discharges the liquid.
Therefore, itis also possible to respond to such a situation
that the liquid discharge head discharges a large amount
of the liquid in a short period of time (for example, the
high duty printing in which a large amount of the ink is
consumed in a short period of time).

[0014] Note that the controller may be configured to
execute a drain tank supply process including: closing
the second valve, the fourth valve, and the fifth valve;
opening the first valve and the third valve; and driving
the pump.

[0015] When the liquid discharge head discharges a
large amount of the liquid in a short period of time, the
liquid is supplied to the liquid discharge head not only
from the fill tank but also from the drain tank. In accord-
ance therewith, it is feared that the liquid contained in the
drain tank may be decreased, and the liquid cannot be
supplied from the drain tank to the liquid discharge head.
On the contrary, according to the configuration described
above, the liquid can be supplied from the main tank to
the drain tank. Accordingly, even when the liquid dis-
charge head discharges the liquid in the large amount in
the short period of time, the liquid can be stably supplied
from the drain tank to the liquid discharge head.

[0016] In the liquid discharge apparatus according to
the present invention, the controller may be configured
to execute afill tank-drain tank concurrent supply process
including: closing the fourth valve and the fifth valve;
opening the first valve, the second valve and the third
valve; and driving the pump.

[0017] When the liquid discharge head discharges a
large amount of the liquid in a short period of time, not
only the liquid contained in the drain tank but also the
liquid contained in the fill tank is decreased. Therefore,
both of the tanks cannot supply a sufficient amount of
the liquid to the liquid discharge head in some cases.
However, according to the configuration described
above, the liquid can be supplied concurrently or simul-
taneously from the main tank to both of the fill tank and
the drain tank. Accordingly, even when the liquid dis-
charge head discharges a large amount of the liquid in
a short period of time, the liquid can be stably supplied
to the liquid discharge head from the drain tank and the
filltank. Further, according to the configuration described
above, the liquid can be concurrently supplied to the fill
tank and the drain tank. Therefore, the ink can be sup-
plied to both of the fill tank and the drain tank in a short
period of time as compared with a case in which the proc-
ess for supplying the liquid from the main tank to the fill
tank and the process for supplying the liquid from the
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main tank to the drain tank are continuously performed.
[0018] In the liquid discharge apparatus according to
the present invention, the controller may be configured
to execute a fill tank supply process including: closing
the third valve, the fourth valve, and the fifth valve; open-
ing the first valve and the second valve; and driving the
pump.

[0019] When the liquid discharge head discharges a
large amount of the liquid in a short period of time, then
the liquid contained in the fill tank is decreased, and the
liquid cannot be supplied from the fill tank to the liquid
discharge head in some cases. On the contrary, accord-
ing to the configuration described above, the liquid can
be supplied from the main tank to the fill tank. Accord-
ingly, even when the liquid discharge head discharges a
large amount of the liquid in a short period of time, the
liquid can be stably supplied from the fill tank to the liquid
discharge head.

[0020] In the liquid discharge apparatus according to
the present invention, the controller may be configured
to further execute a drain tank-main tank transport proc-
ess including: closing the first valve, the second valve,
and the third valve; opening the fourth valve and the fifth
valve; and driving the pump.

[0021] In this case, the liquid, which returns from the
drain tank, can be used to agitate the liquid contained in
the main tank. Accordingly, for example, when the liquid
contained in the main tank is a liquid such as a pigment
ink which easily causes the precipitation, it is possible to
suppress the occurrence of the precipitation in the liquid
contained in the main tank by agitating the liquid con-
tained in the main tank.

[0022] In the liquid discharge apparatus according to
the present invention, the controller may be configured
to execute a drain tank supply process including: closing
the second valve, the fourth valve, and the fifth valve;
opening the first valve and the third valve; and driving
the pump; and the controller may be configured to exe-
cute the first circulation process after executing the drain
tank supply process.

[0023] Alternatively, the controller may be configured
to execute afilltank-drain tank concurrent supply process
including: closing the fourth valve and the fifth valve;
opening the first valve, the second valve, and the third
valve; and driving the pump; and the controller may be
configured to execute the first circulation process after
executing the fill tank-drain tank concurrent supply proc-
ess.

[0024] Alternatively, the controller may be configured
to execute a fill tank supply process including: closing
the third valve, the fourth valve, and the fifth valve; open-
ing the first valve and the second valve; and driving the
pump; and the controller may be configured to execute
the first circulation process after executing the fill tank
supply process.

[0025] In any cases, the ink can be circulated not only
between the fill tank and the drain tank but also in the
flow passage including the main tank. Accordingly, the
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ink can be circulated between the fill tank and the drain
tank while agitating the liquid contained in the main tank.
Accordingly, for example, when the liquid contained in
the main tank is a pigment ink which easily causes the
precipitation, it is possible to avoid the increase in the
viscosity of the pigment ink in the flow passage in which
the pigment ink is circulated, while suppressing the oc-
currence of the precipitation in the main tank by agitating
the pigment ink contained in the main tank.

[0026] The liquid discharge apparatus according to the
present invention may further include: a liquid amount
sensor which detects that an amount of the liquid con-
tained in the drain tank is not more than a threshold value.
The controller may be configured to execute the drain
tank supply process in accordance with the detection per-
formed by the liquid amount sensor to detect that the
amount of the liquid contained in the drain tank is not
more than the threshold value.

[0027] Alternatively, the liquid discharge apparatus ac-
cording to the present invention may further include: a
first liquid amount sensor which detects that an amount
of the liquid contained in the fill tank is not more than a
first threshold value; and a second liquid amount sensor
which detects that an amount of the liquid contained in
the drain tank is not more than a second threshold value.
The controller may be configured to execute the fill tank-
drain tank concurrent supply process in accordance with
the detection performed by the first liquid amount sensor
to detect that the amount of the liquid contained in the fill
tank is not more than the first threshold value and the
detection performed by the second liquid amount sensor
to detect that the amount of the liquid contained in the
drain tank is not more than the second threshold value.
[0028] Alternatively, the liquid discharge apparatus ac-
cording to the present invention may further include: a
liquid amount sensor which detects that an amount of
the liquid contained in the fill tank is not more than a
threshold value. The controller may be configured to ex-
ecute the fill tank supply process in accordance with the
detection performed by the liquid amountsensor to detect
that the amount of the liquid contained in the fill tank is
not more than the threshold value.

[0029] In any cases, the controller can automatically
start or stop the execution of the fill tank-drain tank supply
process, the fill tank supply process, and the drain tank
supply process in accordance with the output of the liquid
amount sensor. Accordingly, it is possible to avoid the
overflow or the emptiness of the liquid contained in the
fill tank and the drain tank.

[0030] In the liquid discharge apparatus according to
the present invention, the controller may be configured
to further execute a second circulation process including:
closing the second valve, the third valve, and the fourth
valve; opening the first valve and the fifth valve; and driv-
ing the pump.

[0031] In this case, the liquid contained in the main
tank can be agitated by using the liquid which outgoes
from the main tank and which passes through the first
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flow passage and the fifth flow passage to return to the
main tank. Accordingly, for example, when the liquid con-
tained in the main tank is a pigment ink which easily caus-
es the precipitation, it is possible to suppress the occur-
rence of the precipitation in the main tank by agitating
the pigment ink contained in the main tank.

[0032] In the liquid discharge apparatus according to
the present invention, the controller may be configured
to further execute: a drain tank supply process; a fill tank-
drain tank concurrent supply process; a fill tank supply
process; and a drain tank-main tank transport process.
The drain tank supply process includes: closing the sec-
ond valve, the fourth valve, and the fifth valve; opening
the first valve and the third valve; and driving the pump.
The fill tank-drain tank concurrent supply process in-
cludes: closing the fourth valve and the fifth valve; open-
ing the first valve, the second valve, and the third valve;
and driving the pump. The fill tank supply process in-
cludes: closing the third valve, the fourth valve, and the
fifth valve; opening the first valve and the second valve;
and driving the pump. The drain tank-main tank transport
process includes: closing the first valve, the second
valve, and the third valve; opening the fourth valve and
the fifth valve; and driving the pump. The controller may
control the pump so that a flow velocity of the liquid is
slowed down when the first circulation process and the
drain tank-main tank transport process are executed as
compared with when the drain tank supply process, the
fill tank-drain tank concurrent supply process, and the fill
tank supply process are executed.

[0033] Thedraintankis a tank for recovering and stor-
ing a part of the liquid supplied from the fill tank to the
liquid discharge head. Therefore, the liquid amount of
the drain tank is smaller than the liquid amount of the fill
tankin many cases. Inthe configuration described above,
the pump is controlled so that the flow velocity of the
liquid is slow in the process for drawing the liquid from
the drain tank as compared with the other processes.
Accordingly, it is possible to suppress such a situation
that the liquid contained in the drain tank is insufficient
on account of the quick drawing of the liquid from the
drain tank.

[0034] According to another aspect of the present in-
vention, there is provided a control method of a liquid
discharging apparatus configured to discharge liquid on-
to a medium. The liquid discharge apparatus includes: a
head unit including: at least one liquid discharge head;
a fill tank configured to store the liquid to be supplied to
the at least one liquid discharge head; and a drain tank
configured to store the liquid recovered from the at least
oneliquid discharge head; a main tank configured to store
the liquid to be supplied to the head unit; apump including
an inlet and an outlet and configured to feed the liquid
from the inlet to the outlet; a first flow passage including
a first end connected to the main tank and a second end
connectedtothe inlet of the pump; a second flow passage
including a first end connected to the outlet of the pump
and a second end connected to the fill tank; a third flow
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passage including a first end connected to a first branch
point as a branch point for branching the second flow
passage and a second end connected to the drain tank;
a fourth flow passage including a first end connected to
a second branch point as a branch point for branching
the first flow passage and a second end connected to a
third branch point as a branch point for branching the
third flow passage; a fifth flow passage including a first
end connected to the main tank and a second end con-
nected to a fourth branch point as a branch point for
branching the second flow passage between the first end
of the second flow passage and the first branch point; a
first valve arranged at a portion of the first flow passage
disposed between the first end of the first flow passage
and the second branch point; a second valve arranged
at a portion of the second flow passage disposed be-
tween the first branch point and the second end of the
second flow passage; a third valve arranged at a portion
of the third flow passage disposed between the first end
of the third flow passage and the third branch point; a
fourth valve arranged at a portion of the fourth flow pas-
sage disposed between the first end of the fourth flow
passage and the second end of the fourth flow passage;
and a fifth valve arranged at a portion of the fifth flow
passage disposed between the first end of the fifth flow
passage and the second end of the fifth flow passage.
The method includes: closing the first valve, the third
valve, and the fifth valve; opening the second valve and
the fourth valve; and driving the pump.

[0035] According to the method described above, the
liquid can be circulated from the drain tank to the fill tank
by using one pump. In detail, the liquid can be circulated
or transported between the drain tank and the fill tank
such that the liquid output from the drain tank enters into
the fill tank via the fourth flow passage and the second
flow passage. For example, an ink can be circulated from
the drain tank to the fill tank by executing the first circu-
lation process when the printing is not performed. In this
case, it is possible to prevent the viscosity of the ink from
being raised in the drain tank and the fill tank.

[0036] The liquid discharge apparatus according to the
presentinvention can execute (1) the supply of the liquid
from the main tank to the drain tank, (2) the supply of the
liquid from the main tank to the fill tank, (3) the concurrent
supply of the liquid from the main tank to the drain tank
and the fill tank, (4) the transport of the liquid from the
drain tank to the fill tank, (5) the transport of the liquid
from the drain tank to the main tank, and (6) the circulation
of the liquid so that the liquid allowed to outgo from the
main tank is returned to the main tank again, by using
one pump. These six processes can be executed singly
or in combination. Accordingly, the liquid can be supplied
from the main tank singly or concurrently to both of the
drain tank and the fill tank by using one pump. Further,
it is possible to switch the circulation of the ink between
the fill tank and the drain tank without allowing the ink to
pass through the main tank and the circulation of the ink
in the flow passage including the main tank as well with-
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out being limited to the circulation between the fill tank
and the drain tank.

[0037] The control method according to the present
invention enables transporting the liquid from the drain
tank to the fill tank by using one pump. That is, the control
method according to the present invention enables cir-
culating the liquid between the drain tank and the fill tank
by using one pump. Accordingly, it is possible to prevent
the viscosity of the ink from being raised in the drain tank
and the fill tank.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038]

Fig. 1 schematically shows a printer 1.

Fig. 2 schematically shows a sectional view taken
along a cutting plane line of lI-l line shown in Fig. 1.
Fig. 3 shows a bottom view illustrating an ink-jet head
bar 4.

Fig. 4 schematically explains ink flow passages in a
first circulation process.

Fig. 5 schematically explains ink flow passages in a
drain tank supply process.

Fig. 6 schematically explains ink flow passages in a
fill tank-drain tank concurrent supply process.

Fig. 7 schematically explains ink flow passages in a
fill tank supply process.

Fig. 8 schematically explains ink flow passages in a
drain tank-main tank transport process.

Fig. 9 schematically explains ink flow passages in a
second circulation process.

MODE FOR CARRYING OUT THE INVENTION

[0039] A printer 1 according to an embodiment of the
present invention will be explained on the basis of the
drawings.

[0040] As shownin Fig. 1, the downstream side (lower
side in Fig. 1) in the conveyance direction of the recording
paper 100 is defined as the forward of the printer 1, and
the upstream side (upper side inFig. 1) inthe conveyance
direction is defined as the backward of the printer 1. Fur-
ther, the widthwise direction of the recording paper, which
is parallel to the plane (plane parallel to the paper surface
of Fig. 1) for conveying the recording paper 100 and
which is orthogonal to the conveyance direction, is de-
fined as the left-right direction of the printer 1. Note that
the left side of Fig. 1 corresponds to the leftward of the
printer 1, and the right side of Fig. 1 corresponds to the
rightward of the printer 1. Further, the direction (direction
orthogonal to the paper surface of Fig. 1), which is or-
thogonal to the transport surface of the recording paper
100, is defined as the upward-downward direction of the
printer 1. In Fig. 1, the front side of the recording paper
100 corresponds to the upward, and the back side of the
recording paper 100 corresponds to the downward.
[0041] Asshown inFig. 1, the printer 1 is provided with
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acasing 2, a platen 3, four ink-jet head bars 4 (hereinafter
referred to as "head bars"), two transport rollers 5, 6, a
controller 7, four HPM’s 30, four main tanks 50, and four
air pressure regulators 60. Four HPM'’s 30, the four main
tanks 50, and the four air pressure regulators 60 corre-
spond to the four head bars 4 respectively. Note that
HPM is an abbreviation of "Hydraulic Pneumatics Mod-
ule" which is a kind of the flow passage switching mech-
anism for switching the flow passage for allowing the ink
to pass therethrough, by appropriately combining five
flow passages by opening/closing five valves as de-
scribed later on. In Fig. 1, only the main tank 50, HPM
30, and the air pressure regulator 60, which correspond
to one head bar 4 of the four head bars 4, are shown in
Fig. 1 in order to view the drawing more easily or com-
prehensively.

[0042] The platen 3 is arranged at the inside of the
casing 2. The recording paper 100, which is transported
by any one of the two transport rollers 5, 6, is supported
by the platen 3 on its upper surface. The four head bars
4 are arranged over the platen 3 in a state in which the
four head bars 4 are aligned in the front-back direction
respectively. The two transport rollers 5, 6 are arranged
on the back side and the front side with respect to the
platen 3 respectively. The two transport rollers 5, 6 are
driven by an unillustrated motor respectively. The two
transport rollers 5, 6 frontwardly transport the recording
paper 100 on the platen 3 by means of the motor.
[0043] The controller 7 is provided with, for example,
ROM (Read Only Memory), RAM (Random Access Mem-
ory), and ASIC (Application Specific Integrated Circuit)
including various control circuits. The controller 7 is con-
nected to an unillustrated external apparatus such as PC
or the like in a wired or wireless manner so that the data
communication can be performed. The controller 7 exe-
cutes various processes including, forexample, the print-
ing on the recording paper 100 by means of ASIC in ac-
cordance with programs stored in ROM on the basis of
the printing data transmitted from the external apparatus.
[0044] For example, the controller 7 controls the unil-
lustrated motor for driving the two transport rollers 5, 6
so that the recording paper 100 is transported in the con-
veyance direction by means of the transport rollers 5, 6.
Further, the controller 7 controls the head bars 4 to dis-
charge the ink toward the recording paper 100 during the
period in which the recording paper 100 is transported
by the two transport rollers 5, 6. Accordingly, an image
is printed on the recording paper 100. Further, as de-
scribed later on, the controller 7 controls HPM 30 and
the air pressure regulator 60 to control, for example, the
supply of the ink from the main tank 50 to the head bar
4, the recovery of the ink from the head bar 4 to the main
tank 50, and the circulation of the ink between the main
tank 50 and the head bar 4.

[0045] Four head bar holders 8 are arranged on the
casing 2. The four head bar holders 8 are arranged over
the platen 3 between the two transport rollers 5, 6 in the
conveyance direction. Each of the head bar holders 8
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holds one head bar 4.

[0046] The four head bars 4 discharge the four color
inks of cyan (C), magenta (M), yellow (Y), and black (K)
respectively. The ink having the corresponding color is
supplied to each of the head bars 4 from the main tank 50.
[0047] As shown in Fig. 3, each of the head bars 4 is
provided with a holder 10 (see Fig. 2) and nine heads
11. The holder 10 has a rectangular plate-shaped con-
figuration which is long in the widthwise direction of the
recording paper. Further, the holder 10 retains the nine
heads 11. Further, the head bar 4 has a fill tank 12 and
adraintank 13 as described later on to perform the supply
of the ink to the respective heads 11 and the recovery of
the ink.

<Head 11>

[0048] As shown in Fig. 3, a plurality of nozzles 11a
are formed on the lower surface of each of the heads 11.
The plurality of nozzles 11a of the head 11 are formed
in the widthwise direction of the recording paper which
is the longitudinal direction of the head bar 4. The plurality
of heads 11 are mutually arranged in a zigzag form in
the conveyance direction and the widthwise direction of
the recording paper (arrangement direction).

[0049] In the following description, the plurality of
heads 11, which are arranged on the backward side in
the conveyance direction (upstream side in the convey-
ance direction), are designated as "first head array 81".
Further, the plurality of heads 11, which are arranged on
the forward side in the conveyance direction (down-
stream side in the conveyance direction), are designated
as "second head array 82". As shown in Fig. 3, left end
portions of the head 11 of the first head array 81 are
disposed at approximately the same positions as those
of right end portions of the heads 11 of the second head
array 32 in the left-right direction. The heads 11 are elec-
trically connected to the controller 7.

<Fill tank 12 and drain tank 13>

[0050] As shown in Fig. 1, the filltank 12 and the drain
tank 13 are arranged respectively over each of the heads
11. The fill tank 12 has approximately the same shape
as that of the drain tank 13. The fill tank 12 is connected
to the heads 11 by the aid of a tube 63 (see Figs. 4 to 9).
The drain tank 13 is connected to the heads 11 by the
aid of a tube 64 (see Figs. 2 and 4 to 9). Note that in Figs.
4 to 9, such a situation is exemplarily shown that the fill
tank 12 and the drain tank 13 are connected to one of
the heads 11 by the aid of the tubes 63, 64. However,
actually, the fill tank 12 and the drain tank 13 are con-
nected to the nine heads 11 by the aid of the tubes 63,
64. Note that the nine heads 11 are arranged in parallel.
[0051] As shown in Figs. 4 to 9, the fill tank 12 is con-
nected to the air pressure regulator 60 by the aid of the
tube 61, and the drain tank 13 is connected to the air
pressure regulator 60 by the aid of the tube 62. The air
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pressure regulator 60 regulates or adjusts the air pres-
sures in the fill tank 12 and the drain tank 13 respectively
to generate the differential pressure between the fill tank
12 and the drain tank 13. In this embodiment, the air
pressure regulator 60 regulates the internal pressures of
the fill tank 12 and the drain tank 13 so that the internal
pressure of the fill tank 12 is higher than the pressure of
the drain tank 13. The flow of the ink, which is directed
from the fill tank 12 via the heads 11 to the drain tank 13,
can be generated by generating the differential pressure
between the fill tank 12 and the drain tank 13. In this
specification, the flow of the ink as described above is
referred to as "differential pressure circulation" between
the fill tank 12 and the drain tank 13.

[0052] Further, as shown in Figs. 4 to 9, the fill tank 12
is connected to a second flow passage 42 of HPM 30 as
described later on, and the drain tank 13 is connected to
a third flow passage 43 of HPM 30 as described later on.
[0053] Sensors S1, S2 for detecting the ink amounts
in the tanks are arranged at the inside of the fill tank 12
and the drain tank 13 respectively. Known liquid amount
sensors can be used as the sensors S1, S2. In this em-
bodiment, float sensors, which detect the heights of the
liquid surfaces of the inks by using floats, are provided
as the sensors S1, S2. The sensors S1, S2 output first
output signals to indicate that the ink amounts are the
full amounts when the ink amounts exceed predeter-
mined first threshold values, while the sensors S1, S2
output second output signals to indicate that the ink
amounts approach zero when the ink amounts are lower
than predetermined second threshold values. The con-
troller 7 can detect the ink amounts of the fill tank 12 and
the drain tank 13 in accordance with the first output signal
and the second output signal of the sensors S1, S2. Note
that the sensors S1, S2 may output the output signals
which continuously change depending on the heights of
the liquid surfaces of the inks.

<HPM 30>

[0054] As shownin Figs. 4 to 9, HPM 30 is mainly pro-
vided with a pump 32, a deaeration unit 34, five flow pas-
sages (first flow passage 41 to fifth flow passage 45),
and five valves V1 to V5. The valve V1 is arranged in the
first flow passage 41, and the valve V1 opens/closes the
first flow passage 41. The valve V2 is arranged in the
second flow passage 42, and the valve V2 opens/closes
the second flow passage 41. The valve V3 is arranged
in the third flow passage 43, and the valve V3 opens/clos-
es the third flow passage 43. The valve V4 is arranged
in the fourth flow passage 44, and the valve V4
opens/closes the fourth flow passage 44. The valve V5
is arranged in the fifth flow passage 45, and the valve V5
opens/closes thefifth flow passage 45. The opening/clos-
ing operations of the valves V1 to V5 can be controlled
by the controller 7.

[0055] The pump 32 has a suction port 32A and a dis-
charge port 32B. The ink, which is sucked from the suc-
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tion port 32A, is extruded from the discharge port 33B.
Accordingly, the flow of the ink, which is directed from
the suction port 32A to the discharge port 32B, is gener-
ated. The deaeration unit 34 is a known deaeration mod-
ule which removes the gas such as the air or the like
contained in the ink allowed to pass through the deaer-
ation unit 34. In this embodiment, the deaeration unit 34
is arranged on the downstream side (in the second flow
passage 42) of the discharge port 32B of the pump 32.
[0056] As shown in Figs. 4 to 9, one end 41a of the
first flow passage 41 is connected to the main tank 50,
and the other end 41b is connected to the suction port
32A of the pump 32. The valve V1 is arranged between
one end 41a and the other end 41b of the first flow pas-
sage 41.

[0057] One end 42a of the second flow passage 42 is
connected to the discharge port 32B of the pump 32, and
the other end 42b is connected to the fill tank 12. The
valve V2 is arranged between one end 42a and the other
end 42b of the second flow passage 42. The deaeration
unit 34 is arranged between the valve V2 and one end
42a.

[0058] One end 43a of the third flow passage 43 is
connected to a branch point J1 disposed between the
deaeration unit 34 and the valve V2 of the second flow
passage 42, and the other end 43b is connected to the
drain tank 13. In this way, the third flow passage 43 is a
flow passage which is branched from the branch point
J1 of the second flow passage 42. The valve V3 is ar-
ranged between one end 43a and the other end 43b of
the third flow passage 43.

[0059] One end 44a of the fourth flow passage 44 is
connected to a branch point J2 disposed between the
valve V1 and the second end 41b of the first flow passage
41, and the other end 44b is connected to a branch point
J3 disposed between the valve V3 and the second end
43b of the third flow passage 43. In this way, the fourth
flow passage 44 is a flow passage which is branched
from the branch point J2 of the first flow passage 41, and
the fourth flow passage 44 is also a flow passage which
is branched from the third branch point J3 of the third
flow passage 43. The valve V4 is arranged between one
end 44a and the other end 44b of the fourth flow passage
44,

[0060] One end 45a of the fifth flow passage 45 is con-
nected to the main tank 50, and the other end 45b is
connected to a branch point J4 disposed between the
discharge port 32B of the pump 32 of the second flow
passage 43 and the deaeration unit 34. In this way, the
fifth flow passage 45 is a flow passage which is branched
from the branch point J4 of the second flow passage 42.
The valve V5 is arranged between one end 45a and the
other end 45b of the fifth flow passage 45.

<Ink flow passage control>

[0061] In this embodiment, the control of the flow of
the ink, which includes, for example, (1) the circulation
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of the ink from the drain tank 13 to the fill tank 12, (2) the
supply of the ink from the main tank 50 to the drain tank
13, (3) the concurrent supply of the ink from the main
tank 50 to the fill tank 12 and the drain tank 13, (4) the
supply of the ink from the main tank 50 to the fill tank 12,
(5) the return of the ink from the drain tank 13 to the main
tank 50, and (6) the circulation with the main tank, by
controlling the opening/closing of the valves V1 to V5 of
HPM 30. The control operations as described above can
be executed singly respectively, or the control operations
as described above can be also executed continuously
by combining the plurality of control operations. The re-
spective ink flow control operations will be explained be-
low.

<First circulation process>

[0062] As shown in Fig. 4, the flow of the ink, which
passes from the drain tank 13 through the fourth flow
passage 44 and the second flow passage 42 and which
is directed to the fill tank 12, can be generated by driving
the pump 32 in a state in which the valves V1, V3, V5
are closed and the valves V2, V4 are open. In this spec-
ification, the process, in which the ink is circulated from
the drain tank 13 to the fill tank 12, is referred to as "first
circulation process".

<Drain tank supply process>

[0063] As shown in Fig. 5, the flow of the ink, which
passes from the main tank 50 through the first flow pas-
sage 41 and the third flow passage 43 and which is di-
rected to the drain tank 13, can be generated by driving
the pump 32 in a state in which the valves V2, V4, V5
are closed and the valves V1, V3 are open. Accordingly,
the ink contained in the main tank 50 can be supplied to
the drain tank 13. In this specification, the process, in
which the ink contained in the main tank 50 is supplied
to the drain tank 13, is referred to as "drain tank supply
process".

<Fill tank-drain tank concurrent supply process>

[0064] As shown in Fig. 6, the flow of the ink, which
passes from the main tank 50 through the first flow pas-
sage 41 and the second flow passage 42 and which is
directed to the fill tank 12, and the flow of the ink, which
passes from the main tank 50 through the first flow pas-
sage 41 and the third flow passage 43 and which is di-
rected to the drain tank 13, can be generated by driving
the pump 32 in a state in which the valves V4, V5 are
closed and the valves V1, V2, V3 are open. Accordingly,
the ink contained in the main tank 50 can be concurrently
supplied to the fill tank 12 and the drain tank 13. In this
specification, the process, in which the ink contained in
the main tank 50 is concurrently supplied to the fill tank
12 and the drain tank 13, is referred to as "fill tank-drain
tank concurrent supply process".
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<Fill tank supply process>

[0065] As shown in Fig. 7, the flow of the ink, which
passes from the main tank 50 through the first flow pas-
sage 41 and the second flow passage 42 and which is
directed to the fill tank 12, can be generated by driving
the pump 32 in a state in which the valves V3, V4, V5
are closed and the valves V1, V2 are open. Accordingly,
the ink contained in the main tank 50 can be supplied to
the fill tank 12. In this specification, the process, in which
the ink contained in the main tank 50 is supplied to the
fill tank 12, is referred to as "fill tank supply process".

<Drain tank-main tank transport process>

[0066] As shown in Fig. 8, the flow of the ink, which
passes from the drain tank 13 through the fourth flow
passage 44 and the fifth flow passage 45 and which is
directed to the main tank 50, can be generated by driving
the pump 32 in a state in which the valves V1, V2, V3
are closed and the valves V4, V5 are open. Accordingly,
the ink contained in the drain tank 13 can be returned to
the main tank 50. In this specification, the process, in
which the ink contained in the drain tank 13 is returned
to the main tank 50, is referred to as "drain tank-main
tank transport process".

<Second circulation process>

[0067] As shown in Fig. 9, the flow of the ink, which
passes from the main tank 50 through the first flow pas-
sage 41 and the fifth flow passage 45 and which is re-
turned to the main tank 50, can be generated by driving
the pump 32 in a state in which the valves V2, V3, V4
are closed and the valves V1, V5 are open. Accordingly,
the ink contained in the main tank 50 can be agitated. In
this specification, the process, in which the ink contained
in the main tank 50 is returned to the main tank 50, is
referred to as "second circulation process".

<Effect of this embodiment>

[0068] The first circulation process described above
can be executed, for example, when the printing is not
executed. When the controller 7 executes the first circu-
lation process, then the ink can be thereby circulated
between the drain tank 13 and the fill tank 12, and the
viscosity of the ink can be prevented from being raised
in the ink flow passage in which the ink is circulated.
Further, the controller 7 can also concurrently execute
the differential pressure circulation process described
above based on the use of the air pressure regulator 60.
Accordingly, for example, when the printing is executed,
the ink can be fed from the fill tank 12 toward the head
11. Therefore, it is also possible to respond to the high
duty printing (for example, high speed printing or solid
printing) in which a large amount of the ink is consumed
in a short period of time.
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[0069] Further, the high duty printing such as the high
speed printing, the solid printing or the like is performed
in some cases while circulating the ink between the drain
tank 13 and the fill tank 12 by concurrently executing the
differential pressure circulation process and the first cir-
culation process. In this case, not only the ink which is
supplied from the fill tank 12 to the head 11 in accordance
with the differential pressure circulation but the ink which
is contained in the drain tank 13 is also supplied to the
head 11. In accordance therewith, it is considered that
the ink amount of the fill tank 12 is lower than a lower
limit threshold value (hereinafter simply referred to as
"lower limit value"), the ink amount of the drain tank 13
is lower than a lower limit value, and both of the ink
amount of the fill tank 12 and the ink amount of the drain
tank 13 are lower than the lower limit values.

[0070] Note that the drain tank 13 is a tank for recov-
ering and storing a part of the ink supplied from the fill
tank 12 to the head 11. Therefore, the ink amount of the
drain tank 13 is smaller than the ink amount of the fill tank
12 in many cases. Therefore, when the ink is supplied to
the head 11 also from the drain tank 13 in accordance
with the high duty printing, it is highly possible that the
ink amount of the drain tank 13 may be lower than the
lower limit value in a short period of time.

[0071] If only the ink amount of the drain tank 13 is
lower than the lower limit value, the controller 7 can sup-
ply the ink contained in the main tank 50 to the drain tank
13 by executing the drain tank supply process described
above. Accordingly, it is possible to secure a sufficient
amount of the ink in the drain tank 13. Even the high duty
printing

[0072] (for example, high speed printing or solid print-
ing), which consumes a large amount of the ink in a short
period of time, can be reliably executed. Note that the
controller 7 can switch the first circulation process to the
drain tank supply process in accordance with the factthat
the sensor S2 outputs the second output signal which
indicates that the ink amount of the drain tank 13 ap-
proaches zero when the first circulation process is exe-
cuted. Further, the controller 7 can interrupt the drain
tank supply process in accordance with the fact that the
sensor S2 outputs the first output signal which indicates
that the ink amount of the drain tank 13 arrives at the full
amount. On the other hand, the controller 7 can switch
the drain tank supply process to the first circulation proc-
essin accordance with the factthatthe sensor S2 outputs
the first output signal which indicates that the ink amount
of the drain tank 13 arrives at the full amount. As de-
scribed above, the ink contained in the drain tank 13 can
be prevented from the overflow or the emptiness by al-
lowing the controller 7 to automatically start or stop the
execution of the drain tank supply process in accordance
with the first and second output signals of the sensor S2.
[0073] Further, if only the ink amount of the fill tank 12
is lower than the lower limit value, the controller 7 can
supply the ink contained in the main tank 50 to the fill
tank 12 by executing the fill tank supply process de-
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scribed above. Accordingly, itis possible to secure a suf-
ficient ink amount in the fill tank 12. Even the high duty
printing (for example, high speed printing or solid print-
ing), which consumes a large amount of the ink in a short
period of time, can be reliably executed. Note that the
controller 7 can switch the first circulation process to the
fill tank supply process in accordance with the fact that
the sensor S1 outputs the second output signal which
indicates that the ink amount of the fill tank 12 approaches
zero when the first circulation process is executed. Fur-
ther, the controller 7 can interrupt the fill tank supply proc-
essinaccordance with the fact thatthe sensor S1 outputs
the first output signal which indicates that the ink amount
of the fill tank 12 arrives at the full amount. On the other
hand, the controller 7 can switch the fill tank supply proc-
ess to the first circulation process in accordance with the
fact that the sensor S1 outputs the first output signal
which indicates that the ink amount of the fill tank 12
arrives at the full amount. As described above, the ink
contained in the fill tank 12 can be prevented from the
overflow or the emptiness by allowing the controller 7 to
automatically start or stop the execution of the fill tank
supply process in accordance with the first and second
output signals of the sensor S1.

[0074] Further, if the printing such as the high duty
printing or the like is executed as well during the period
in which the drain tank supply process described above
is executed, not only the ink amount of the drain tank 13
but also the ink amount of the fill tank 12 may be lower
than the lower limit value. In such a situation, the con-
troller 7 can switch the drain tank supply process to the
fill tank-drain tank concurrent supply process. Similarly,
if the printing such as the high duty printing or the like is
executed as well during the period in which the fill tank
supply process described above is executed, not only
the ink amount of the fill tank 12 but also the ink amount
of the drain tank 13 may be lower than the lower limit
value. In such a situation, the controller 7 can switch the
fill tank supply process to the fill tank-drain tank concur-
rent supply process. In any case, sufficient ink amounts
can be secured in both of the fill tank 12 and the drain
tank 13. Even the high duty printing (for example, high
speed printing or solid printing), which consumes a large
amount of the ink in a short period of time, can be reliably
executed. Further, the ink can be supplied concurrently
to the fill tank 12 and the drain tank 13 in the fill tank-
drain tank concurrent supply process. Therefore, the ink
can be supplied to the fill tank 12 and the drain tank 13
in a short period of time as compared with a case in which
the fill tank supply process and the drain tank supply proc-
ess are continuously performed.

[0075] Note that the controller 7 can switch the drain
tank supply process to the fill tank-drain tank concurrent
supply process in accordance with the fact that the sensor
S1 outputs the second output signal which indicates that
the ink amount of the fill tank 12 approaches zero when
the drain tank supply process is executed. Similarly, the
controller 7 can switch the fill tank supply process to the
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fill tank-drain tank concurrent supply process in accord-
ance with the fact that the sensor S2 outputs the second
output signal which indicates that the ink amount of the
drain tank 13 approaches zero when the fill tank supply
process is executed.

[0076] Further, the controller 7 can interrupt the fill
tank-drain tank concurrent supply process in accordance
with the fact that the sensor S2 outputs the first output
signal which indicates that the ink amount of the drain
tank 13 is the full amount or the fact that the sensor S1
outputs the first output signal which indicates that the ink
amount of the fill tank 12 is the full amount during the
period in which the fill tank-drain tank concurrent supply
process is executed. In this situation, the controller 7 may
interrupt the filltank-drain tank concurrent supply process
and restart the first circulation process. On the other
hand, the controller 7 may switch the fill tank-drain tank
concurrent supply process to the fill tank supply process
if the ink amount of the fill tank 12 is not the full amount,
and the controller 7 may switch the fill tank-drain tank
concurrent supply process to the drain tank supply proc-
ess if the ink amount of the drain tank 13 is not the full
amount. In any case, the controller 7 automatically start
or stop the execution of the fill tank-drain tank supply
process in accordance with the first and second output
signals of the sensors S1, S2, and thus the ink contained
in the fill tank 12 and the drain tank 13 can be prevented
from the overflow or the emptiness. Even the high duty
printing can be reliably executed.

[0077] When the first circulation process described
above is executed, the controller 7 can switch the first
circulation process to the drain tank-main tank transport
process. For example, if it is judged that the ink amount
of the fill tank 12 is sufficiently large, the ink can be trans-
ported to the main tank 50 without supplying the ink to
the fill tank 12 from the drain tank 13. In this case, the
ink contained in the main tank 50 can be agitated by using
the ink allowed to return from the drain tank 13. For ex-
ample, if the ink contained in the main tank 50 is a dye
ink, it is scarcely feared that any precipitation may be
caused inthe ink contained in the main tank 50. However,
if the ink contained in the main tank 50 is, for example,
an ink such as a pigment ink which easily causes the
precipitation, it is possible to suppress the ink contained
in the main tank 50 from causing the precipitation, by
agitating the ink contained in the main tank 50. Note that
even if the ink contained in the main tank 50 is a dye ink,
it is possible to suppress the increase in the viscosity of
the ink by agitating the ink contained in the main tank 50.
[0078] Further, when the second circulation process
described above is performed, the ink contained in the
main tank 50 can be also agitated by using the ink which
outgoes from the main tank 50, which passes through
the first flow passage 41 and the fifth flow passage 45,
and which returns to the main tank 50. Also in this case,
it is possible to suppress the occurrence of the precipi-
tation in the ink contained in the main tank 50 and the
increase in the viscosity.
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[0079] Further, the ink can be circulated through the
flow passage including the main tank 50 such as "drain
tank 13 — main tank 50 — drain tank 13 — fill tank 12"
by executing the drain tank supply process after the drain
tank-main tank transport process described above and
further executing the first circulation process. Similarly,
the ink can be also circulated through the flow passage
including the main tank 50 by executing the fill tank-drain
tank concurrent supply process after the drain tank-main
tank transport process and further executing the first cir-
culation process. Further, the ink can be also circulated
through the flow passage including the main tank 50 by
executing the fill tank supply process after the drain tank-
main tank transport process and further executing the
first circulation process. In any case, the ink can be cir-
culated through the flow passage including the main tank
50. Therefore, the ink can be circulated while agitating
the ink contained in the main tank 50. Accordingly, it is
possible to suppress the occurrence of the precipitation
in the ink contained in the main tank 50 and the increase
in the viscosity. Further, itis possible to avoid the increase
in the viscosity of the ink in the ink flow passage through
which the ink is circulated.

[0080] The drain tank 13 is a tank for recovering and
storing a part of the ink supplied from the fill tank 12 to
the head 11. Therefore, the ink amount of the drain tank
13 is smaller than the ink amount of the fill tank 12 in
many cases. The ink outflows from the drain tank in the
first circulation process and the drain tank-main tank
transport process described above. On the contrary, the
ink does not outflow from the drain tank in the drain tank
supply process, the fill tank-drain tank concurrent supply
process, and the fill tank supply process. In this embod-
iment, the pump 32 is controlled so that the flow velocity
of the ink is slow in the first circulation process and the
drain tank-main tank transport process as compared with
the drain tank supply process, the fill tank-drain tank con-
current supply process, and the fill tank supply process.
Accordingly, a situation, in which the ink contained in the
drain tank 13 is insufficient, can be suppressed, which
would be otherwise caused by quickly withdrawing the
ink from the drain tank 13.

[0081] The embodiment explained above is shown by
way of example in every sense, which does not limit the
invention defined in claims. Further, all of the combina-
tions of the features explained in the foregoing embodi-
ment are not necessarily essential. Further, various mod-
ifications can be made for the embodiment described
above.

[0082] For example, in the embodiment described
above, the printer 1 is provided with the four head bars
4, and each of the head bars 4 is provided with the nine
heads 11. However, the present invention is not limited
to such a form. It is possible to appropriately adjust the
number and the arrangement of the ink-jet heads and
the head units. Further, the fill tank 12 has approximately
the same shape as that of the drain tank 13. However,
the present invention is not limited to such a form. It is
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possible to arbitrarily adjust the size and the shape of the
fill tank and the drain tank.

[0083] Inthe embodimentexplained above, this teach-
ing is applied to the head bar 4 for printing, for example,
animage by discharging the ink onto the recording paper.
In the embodiment described above, the head bar 4 is a
so-called line type ink-jet head. However, this teaching
is not limited thereto, which can be also applied to a so-
called serial type ink-jet head. Further, the presentinven-
tion is not limited to the ink-jet head for discharging the
ink. This teaching can be also applied to any liquid dis-
charge apparatus to be used for various ways of use
other than the printing of the image or the like. For ex-
ample, the present invention can be also applied to a
liquid discharge apparatus for discharging a conductive
liquid to a substrate to form a conductive pattern on a
surface of the substrate.

Claims

1. Aliquid discharge apparatus for discharging a liquid
to a medium, comprising:

a head unit including: at least one liquid dis-
charge head; a fill tank configured to store the
liquid to be supplied to the at least one liquid
discharge head; and a drain tank configured to
store the liquid recovered from the at least one
liquid discharge head;

a main tank configured to store the liquid to be
supplied to the head unit;

a pump including an inlet and an outlet and con-
figured to feed the liquid from the inlet to the
outlet;

afirst flow passage including afirst end connect-
ed to the main tank and a second end connected
to the inlet of the pump;

a second flow passage including a first end con-
nected to the outlet of the pump and a second
end connected to the fill tank;

a third flow passage including a first end con-
nected to a first branch point as a branch point
for branching the second flow passage and a
second end connected to the drain tank;

a fourth flow passage including a first end con-
nected to a second branch point as a branch
point for branching the first flow passage and a
second end connected to a third branch point
as a branch point for branching the third flow
passage;

a fifth flow passage including a first end connect-
ed to the main tank and a second end connected
to a fourth branch point as a branch point for
branching the second flow passage between the
first end of the second flow passage and the first
branch point;

a first valve which is arranged at a portion of the
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firstflow passage disposed between thefirstend
of the first flow passage and the second branch
point;

a second valve which is arranged at a portion of
the second flow passage disposed between the
firstbranch point and the second end of the sec-
ond flow passage;

a third valve which is arranged at a portion of
the third flow passage disposed between the first
end of the third flow passage and the third
branch point;

a fourth valve which is arranged at a portion of
the fourth flow passage disposed between the
first end of the fourth flow passage and the sec-
ond end of the fourth flow passage; and

a fifth valve which is arranged at a portion of the
fifth flow passage disposed between the firstend
of the fifth flow passage and the second end of
the fifth flow passage.

The liquid discharge apparatus according to claim
1, further comprising a controller configured to con-
trol driving of the pump, open of the first to fifth valves
and close of the first to fifth valves.

The liquid discharge apparatus according to claim
2, wherein the controller is configured to execute a
first circulation process including:

closing the first valve, the third valve, and the
fifth valve;

opening the second valve and the fourth valve;
and

driving the pump.

The liquid discharge apparatus according to claim 2
or 3, further comprising:

a pressure regulator connected to the fill tank
and the drain tank and configured to regulate an
air pressure in the fill tank and an air pressure
in the drain tank,

wherein the controller is configured to execute
a differential pressure circulation process for
controlling the pressure adjusting mechanism
so that the air pressure in the fill tank is higher
than the air pressure in the drain tank.

The liquid discharge apparatus according to claim
4, wherein the controller is configured to execute a
drain tank supply process including:

closing the second valve, the fourth valve, and
the fifth valve;

opening the first valve and the third valve; and
driving the pump.

The liquid discharge apparatus according to claim 4
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or 5, wherein the controller is configured to execute
a liquid supply drain tank concurrent supply process
including:

closing the fourth valve and the fifth valve;
opening the first valve, the second valve and the
third valve; and

driving the pump.

The liquid discharge apparatus according to any one
of claims 4 to 6, wherein the controller is configured
to execute a fill tank supply process including:

closing the third valve, the fourth valve, and the
fifth valve;

opening the first valve and the second valve; and
driving the pump.

The liquid discharge apparatus according to claim
3, wherein the controller is configured to further ex-
ecute a drain tank-main tank transport process in-
cluding:

closing the first valve, the second valve, and the
third valve;

opening the fourth valve and the fifth valve; and
driving the pump.

The liquid discharge apparatus according to claim
8, wherein the controller is configured to execute a
drain tank supply process including:

closing the second valve, the fourth valve, and
the fifth valve;

opening the first valve and the third valve; and
driving the pump; and

the controller is configured to execute the first
circulation process after executing the drain tank
supply process.

10. The liquid discharge apparatus according to claim 5

or 9, further comprising:

a liquid amount sensor configured to detect an
amount of the liquid contained in the drain tank
is not more than a threshold value,

wherein the controller is configured to execute
the drain tank supply process inaccordance with
the detection performed by the liquid amount
sensor to detect that the amount of the liquid
contained in the drain tank is not more than the
threshold value.

11. The liquid discharge apparatus according to claim

8, wherein the controller is configured to execute a
fill tank-drain tank concurrent supply process includ-

ing:
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closing the fourth valve and the fifth valve;
opening the first valve, the second valve, and
the third valve; and

driving the pump, and

3, wherein the controller is configured to further ex-
ecute a second circulation process including:

closing the second valve, the third valve, and

13

the fourth valve;
opening the first valve and the fifth valve; and
driving the pump.

wherein the controller is configured to execute 5 16. The liquid discharge apparatus according to claim
the first circulation process after executing the 3, wherein the controller is configured to further ex-
fill tank-drain tank concurrent supply process. ecute:
12. The liquid discharge apparatus according to claim 6 a drain tank supply process including:
or 11, further comprising: 10
closing the second valve, the fourth valve,
a first liquid amount sensor configured to detect and the fifth valve;
an amount of the liquid contained in the fill tank opening the first valve and the third valve;
is not more than a first threshold value; and and
a second liquid amount sensor which detects 15 driving the pump;
thatanamountofthe liquid contained inthe drain
tank is not more than a second threshold value, a fill tank-drain tank concurrent supply process
wherein the controller is configured to execute including:
thefill tank-drain tank concurrent supply process
in accordance with the detection performed by 20 closing the fourth valve and the fifth valve;
the first liquid amount sensor to detect that the opening the first valve, the second valve,
amount of the liquid contained in the fill tank is and the third valve; and
not more than the first threshold value and the driving the pump;
detection performed by the second liquid
amount sensor to detect that the amount of the 25 a fill tank supply process including:
liquid contained in the drain tank is not more
than the second threshold value. closing the third valve, the fourth valve, and
the fifth valve;
13. The liquid discharge apparatus according to claim opening the firstvalve and the second valve;
8, wherein the controller is configured to execute a 30 and
fill tank supply process including: driving the pump; and
closing the third valve, the fourth valve, and the a drain tank-main tank transport process includ-
fifth valve; ing:
opening the firstvalve and the second valve;and 35
driving the pump, and closing the first valve, the second valve, and
wherein the controller is configured to execute the third valve;
the first circulation process after executing the opening the fourth valve and the fifth valve;
fill tank supply process. and
40 driving the pump, and
14. The liquid discharge apparatus according to claim 7
or 13, further comprising: wherein the controller controls the pump so that
a flow velocity of the liquid is slowed down when
a liquid amount sensor configured to detect an the first circulation process and the drain tank-
amount of the liquid contained in the fill tank is 45 main tank transport process are executed as
not more than a threshold value, compared with when the drain tank supply proc-
wherein the controller is configured to execute ess, the fill tank-drain tank concurrent supply
the fill tank supply process in accordance with process, and the fill tank supply process are ex-
the detection performed by the liquid amount ecuted.
sensor to detect that the amount of the liquid 50
contained in the fill tank is not more than the 17. A control method of a liquid discharging apparatus
threshold value. configured to discharge liquid onto a medium,
15. The liquid discharge apparatus according to claim the liquid discharge apparatus including:
55

a head unitincluding: at least one liquid dis-
charge head; a fill tank configured to store
the liquid to be supplied to the at least one
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liquid discharge head; and a drain tank con- driving the pump.
figured to store the liquid recovered from

the at least one liquid discharge head;

a main tank configured to store the liquid to

be supplied to the head unit; 5
a pump including an inlet and an outlet and
configured to feed the liquid from the inlet

to the outlet;

afirstflow passage including afirstend con-
nected to the main tank and a second end 70
connected to the inlet of the pump;

a second flow passage including a first end
connected to the outlet of the pump and a
second end connected to the fill tank;

a third flow passage including a first end 75
connectedtoafirstbranch pointas abranch
pointfor branching the second flow passage

and a second end connected to the drain
tank;

a fourth flow passage including a first end 20
connected to a second branch point as a
branch point for branching the first flow pas-
sage and a second end connected to a third
branch point as a branch point for branching

the third flow passage; 25
afifth flow passage including afirst end con-
nected to the main tank and a second end
connected to a fourth branch point as a
branch point for branching the second flow
passage betweenthefirstend ofthe second 30
flow passage and the first branch point;

afirst valve arranged at a portion of the first
flow passage disposed between the first
end of the first flow passage and the second
branch point; 35
a second valve arranged at a portion of the
second flow passage disposed between the

first branch point and the second end of the
second flow passage;

a third valve arranged at a portion of the 40
third flow passage disposed between the
first end of the third flow passage and the
third branch point;

a fourth valve arranged at a portion of the
fourth flow passage disposed between the 45
first end of the fourth flow passage and the
second end of the fourth flow passage; and

a fifth valve arranged at a portion of the fifth
flow passage disposed between the first
end of the fifth flow passage and the second 50
end of the fifth flow passage,

the method comprising:
closing the first valve, the third valve, and 55
the fifth valve;

opening the second valve and the fourth
valve; and

14
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